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Abstract

We propose to make a detailed study of (e.e'p) reactions at high missing energy for
selected kinematics. Ry and Ry separations will be performed for !2C at the quasielastic
peak for a Q? range from 0.2 to 1.5 (GeV/c)?, and also for **He at Q* = 1{GeV/c)%.
Existing (e,e'p) data at high missing energy, especially the transverse response at low
q, show excessive strength beyond the one nucleon process. By studying the Q? and A
dependence, we hope to learn the nature of this phenomenon and the relationship to the
(e,e') phenomenology, and therefore to improve our understanding of the nucleon-nucleon
interactions as well as two- and multi-nucleon correlations. We will also perform a quick
measurement of the energy transfer dependence by measuring cross sections (without L/T
separation) at several w’s for 12C at Q? = 1(GeV/c)?. We hope to learn more about the
contributions from processes other than quasielastic scattering.

I. BACKGROUND AND MOTIVATION
1. INTRODUCTION

Recent studies of the }2C(e,e'p) and other (e,e'p) reactions show that the (e,e’) re-
action in the quasifree region is very complex. It appears that the (e,e’) reaction proceeds
in part via a simple one-nucleon interaction and in part via two-nucleon and maybe even
multi-nucleon components. These two- and multi-nucleon components could be as impor-
tant as the one-body process and cannot be fully attributed to final state rescattering.
They are part of the (e,e’) interaction.

Below, we describe the difficulties which exist with our understanding of the (e.e')
reaction. We also present evidence for what appears to be multi-hadron processes. We
emphasize evidence from the (e,e’) and (e,e'p) reactions, but we note also observations
from measurements in other fields of nuclear physics which could very well be related.
These include photo- and pion absorption. At present, conventional theories are unable
to properly account for these results. Regardless of the origin of these phenomena, it is
clear that they are not well understood. Systematic experimental work is needed if we
are to have any chance of theoretical understanding. For the case of electron scattering,
CEBAF is the natural place to investigate the systematics of these phenomena. Indeed,
efforts directed at the detection of multi-hadrons is planned for CLAS. However, certain
important aspects of the reaction can be measured only in Hall A. These include the
separated (e,e'p) responses (particularly at deep missing energies where the cross sections
are small), and their systematic dependence on Q?, nuclear density, and nucleon initial
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momentum. It is striking that there exists only one measurement of these separated
responses. The quality of the data that can be obtained in Hall A will be far superior to
existing data, even those at low Q2. Extension of these measurements to higher Q2 is only
possible at CEBAF.

2. PROBLEMS WITH THE QUASIFREE PICTURE OF (e,e’)

Measurements of unseparated inclusive (e,e’) cross sections support the traditional
microscopic view of the nucleus as a collection of protons and neutrons in a mean field(t].
Moreover, the (e,e') process on a range of nucleil?lwas characterized by quasifree scattering
from a Fermi gas of N neutrons and Z protons with two parameters, the Fermi momentum
and a shift in the energy transfer. Closer examination of the (e,e’) data reveals problems
with the one-body interpretation. First, the large cross section in the dip region between
the quasielastic and the A bumps cannot be accounted for by the tails of these two peaks.
Meson exchange currents can explain only part of this excess cross section?®. A second
difficulty with the simple quasifree description is encountered by the separation of the lon-
gitudinal and transverse responses. Figures 1 and 2 display the transverse and longitudinal
scaling functions, f7(y) and f1(y) respectively, for 12C(e,e')¥land for **He(e,e’)(®}, where
y is the relativistic scaling variable. These data involve many momentum transfers. The
scaling functions fi(y) and fr(y) do scale separately. However, if the process were truly
quasifree, f; (y) and f7(y) should be equal for y < 0 where the tail of the A is known to
be inconsequential. As can be seen in Figures 1 and 2, they are not equal for *He and
120, indicating that the quasifree assumption is not justified by the data. This difference
between fz(y) and fr(y) persists for all nuclei larger than *He and can be even larger
than that in !2C. It is also of interest to notice that at high momentum transfer (q > 1
GeV/c), the difference between {1 (y) and fr(y) at negative y persists for heavy nucleil®],
while for 4He the difference seems to vanish{”l. A third indication that the (e,e') process in
the quasielastic region is considerably more complex than implied by the quasifree model
is given by the comparison between the data and the Coulomb sum rule. The Coulomb
sum is the integral of the longitudinal response function divided by the single nucleon form
factor at fixed q over all w. In the nonrelativistic impulse approximation at large enough
q, the Coulomb sum should approach Z, the number of protons. For A > 4, it is typically
20% too smalll®.

Many theoretical attempts were made to explain the separated response functions,
ranging from the Dirac ¢ - w model®, final state interactions('®, off-shell effectsi!!to
various nucleon modifications!!?l. None of the single particle models reproduces both the
longitudinal and the transverse response functions.
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3. COINCIDENCE CROSS SECTIONS: (e,e’p)

A series of *C(e,e'p) coincidence experiments at Bates studied the nature of the

(e,e'p) reaction. All of these experiments were performed in parallel kinematics at a variety

of energy and momentum transfers.

Figure 3 shows the longitudinal and transverse 2C(e, ¢’ p) response functions, Rt and

Ry, at q = 400 MeV/c and w = 120 MeV(*3l. 1t also shows the difference in the spectral
functions, St — Si.. These were measured very close to the maximum of the quasielastic

peak corresponding to y 3 0. Under these conditions one would expect that the one-body

process would dominate. Several features stand out:

1)

3)

The p-shell strength (1! B ground state) is all in one point of the histogram at a missing
energy of about 17.5 MeV. For this transition the transverse and longitudinal spectral
functions are almost equal (St — S1. & 0) as one would expect since the free nucleon
form factors have been divided out of the R’s. This is the behavior one expects of a
quasifree process.

The longitudinal response, Ry, shows a broad s-shell peak, about 15 MeV FWHM,
located at a missing energy of about 38 MeV. Above 48 MeV R/ is consistent with
zero. This is reasonable for a mean field or shell model. The width is consistent with
deep hole states corresponding to high excitations and thus short lifetimes. These
highly excited s-shell hole states will decay predominantly by nucleon emission. This
kind of two-nucleon emission should not be confused with a two-body correlation
that leads to the two-body process.

The transverse response, R, also shows a bump at about 38 MeV of missing energy.
In contrast to Rp, Rt is not localized in missing energy. Rt remains large out to
65 MeV, the largest missing energy measured. If the (e,e'p) process were quasifree,
then Ry and Rt would have the same shape. This Ry /Rt difference is not likely
due to final state rescattering in the sense of a cascade model calculation(*®). The
transverse strength at large missing energy (Ey > 48 MeV) may be characteristic of
a non-quasifree process.

The difference between the spectral functions, St - Sg, shown in the bottom of Figure
3, starts growing at 28 MeV, the threshold for two-nucleon emission, and extends
beyond 65 MeV. The threshold behavior is confirmed by results from NIKHEF[4.,
The transverse/longitudinal ratio for °Li also starts increasing at the two-nucleon
threshold*3], If the process were quasifree, the difference in spectral functions would
be zero.
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Figure 3. Separated 12C(e,e'p) response functions and their difference for kinematics
near the quasielastic peak: ¢ = 400 MeV/c and w = 120 MeV[3], Transverse (top)
and longitudinal (middle) response functions and the difference in the spectral functions
(bottom) va. missing energy.

It is not unreasonable to conclude that these differences might originate from a new process.
transverse in nature, that involves at least two nucleons.

A similar phenomenon is seen in the dip region, where strength is observed at missing
energies as high as 160 MeV.[18]. Even in the A-region the '2C(e,e’p) missing energy
spectra exhibit indications of two-nucleon processesi!’l. The data support the conclusion
that the two-nucleon process is not dominated by the quasifree delta production with
A+N-=N+N.

Results of 12C(e,e'p) experiments on the quasielastic peak performed at higher mo-
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mentum transfers in parallel kinematics are shown in Figure 4 (18191 These data were
taken at relatively large scattering angles and at high momentum transfers so that they
are predominantly transverse. The p- and s-shell peaks are seen clearly and once again an
appreciable high missing energy tail is seen. The high missing energy strength cannot be
generated by one-body processes with final state rescattering(!®, The strength from this
rescattering becomes negligible above about 80 MeV.

The behavior of the high missing energy strength is shown on .Figure 5 for three
regions: 50 < Ep <150 MeV , 50 £ Ep, €80 MeV and 30 < E, < 350 MeV. The plot
shows the ratio of the strength in these regions to the (e,e’p) strength below 50 MeV,
which we consider the quasifree or one-body yield. Recall, however, that the additional
transverse strength really begins at 28 MeV, the 2N threshold. At the quasielastic peak
one would have expected the best agreement with the quasifree picture of the (e,e’) process.
Yet, as seen in Figure 5, even at the quasielastic peak we observe many-body effects that
increase with q and with w and that are more than 40% of the (e,e’p) and thus of the (ee’)
process.

Figure 6 shows the w dependence of  !2C(e,e'p)*®lat q = 900 — 1000
MeV/c. The bottom graph, at w = 475 MeV, corresponds to a recoil momentum near zero.
The middle graph, at w = 330 MeV, corresponds to a recoil momentum near -150 MeV /c.
The top graph, at w = 240 MeV, corresponds to a recoil momentum of ~ —200 MeV /c. It
is clear that the strength at high missing energies decreases dramatically with decreasing
w. From the data presented this far it might be concluded that there are two- or many-
nucleon processes which are observed in the !2C(e,e'p) reaction. They are transverse in
nature and are manifested as excess strength in deep missing energies. The signature and
characteristics are as follows:

Missing Contributing

Energy Processes

(MeV)

14 - 28 1ps;2 Single-Particle knockout: St /St ~ 1

28 - 48 1s, /2 Single-Particle Knockout
Two-Particle Knockout: St /St < 1

48 - 150 Two-Particle Knockout
Multi-Particle Knockout?
Sp/S5t <1

> 150 Real Pion Production: Sp/St < 1
Multi-Particle Knockout?
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The importance of two-body effects has aiso been observed in SHe(e,e’'p). The data
demonstrate both single nucleon knockout and three-body breakup!?!l. The centroid of the
three-body breakup strength moves to larger missing energy as the missing momentum.
Pg, increases. This is suggestive of a picture wherein the large momenta are generated
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by back-to-back short range collision of two nucleons, so that the excitation energy is
effectively the energy of the recoil partner.

4. OTHER MULTI-NUCLEON PROCESSES

In the following section, some other systems in which multi-nucleon processes are
believed to be important will be discussed. Note that in pion and photo-absorption, the
dominant mechanism involves two nucleons (quasideuteron absorption) and is relatively
well established. Thus, attention is given here to mechanisms involving more than two
nucleons.

Theoretical studies of the trinucleon system using numerically exact Faddeev calcula-
tions have pointed to effects due to three-nucleon processes. Calculations of the trinucleon
binding energies, using various realistic nucleon-nucleon potentials, underbind the trinu-
cleon by approximately 1 MeV. Addition of a modern three-nucleon potential provides the
additional required binding!??. Similar comparison to exact Faddeev calculations indicate
that the measured doublet a; scattering length for low energy neutron-deuteron scattering
can only be accounted for by inclusion of a three-nucleon process. More involved Faddeev
calculations of neutron-induced deuteron breakup have been performed and compared to
experimental results in selected kinematic configurations(?3], These comparisons show a
significant enhancement of the measured cross sections over the predictions in a kinematic
configuration (the “symmetric space-star” ) which is particularly insensitive to the nucleon-
nucleon potential model used in the calculations. This deviation has been attributed to
the presence of three-nucleon processes.

In pion absorption experiments, effects attributed to multi-nucleon mechanisms have
been studied in a more systematic manner, but the theoretical framework for these mech-
anisms is much less clear. The first signature for pion absorption in which more than two
nucleons are involved was the missing strength in the measured two-nucleon absorption pro-
cess. A pion absorption mechanism involving three-nucleons was first clearly identified*¥in
1985 on *He. This showed a strong correlation with three-nucleon phase. Since that time,
a host of pion absorption experiments have been performed on *He, *He and heavier nu-
clei to study this phenomenon (see ref. [**'and references therein). In the case of *He,
absorption resulting in three- and four-body like phase space was observed(2®l. All of these
measurements reveal evidence that an appreciable amount of the total absorption cross
section (up to 50%) is due to a mechanism that involves three or more nucleons. The
nature of this mechanism is currently unknown. However, neither initial nor final state
interactions can account for the data and in the three-nucleon case, this process seems to

be clearly related to three-nucleon processes(®’l.
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Recent measurements of the three-body photodisintegration of 3He have been per-
formed in selected kinematical regions expected to be dominated by three-nucleon effects.
Experiments have been carried out at Saclay[?!lwith photon energies of 320-450 MeV, and
at Saskatoon2®lwith photon energies of 150-225 MeV. Both measurements were compared
to microscopic photodisintegration calculations which included the effect of absorption by
a three-nucleon current(3%, Results over this entire energy range (150-450 MeV) confirm
the need to include a three-nucleon mechanism to describe the data taken at these selected
kinematics.

Large efforts are underway at laboratories such as PSI, Saskatoon, and Mainz to
investigate the multi-hadron aspects of pion and photon absorptions. Mostly, these efforts
are based on large solid angle detectors to detect all hadrons resulting from the absorption
processes. A similar effort, with the (e,e'nX) reaction is planned at CEBAF using CLAS
in Hall B. However, to study the details of these processes requires the coincidence high
resolution capabilities available at Hall A. Only Hall A provides the ability to measure
the small cross sections seen at deep missing energies and to separate the longitudinal
and transverse responses with precision. The striking observation at lower momentum
transfer that the strength at high missing energies in '2C(e,e'p) is transverse could not
be made without similar capabilities. Any theory dealing with these phenomena will need
input such as separated responses, dependence on momentum and energy transfers and
dependence on nucleon initial momentum. In this respect, experiments in both Halls A
and B should be viewed as necessary and complementary.

II. PROPOSED MEASUREMENTS

The goal of this experiment is to study the systematic behavior of the (e,e'p) reaction
at high missing energies (E,,) and to investigate the contributions from possible multin-
ucleon processes. We will mainly focus on the momentum transfer (Q?) dependence and
atomic number (A) dependence. We propose to perform Ry and Rt separations for four
Q? values ranging from 0.2 to 1.5 (GeV/c)? with a !2C target and perform separations at
Q? of 1 (GeV/c)? also on *He and *He. Proton momenta are chosen to be parallel to ¢, so
that only Ry and Ry will contribute. The above measurements will take up most of the
requested beam time. We also propose to make a quick w dependence on 2C study by
measuring total cross sections (without L/T separations) on both sides of the quasielastic
peak and in the dip and A regions at Q? of 1 (GeV/c)?.

In 12C (e,e’) as well as 2C (e,e’'p), a large amount of low q data shows that the
longitudinal and transverse responses are very different. In the lighter nuclei, with only
(e,e') data avaliable, the differences in the longitudinal and transverse responses are not as
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obvious, Therefore, 12C is chosen for the momentum dependence measurements. For the A
dependence study, separations at Q% = 1(GeV/c)? with *He and *He are chosen in addition
to !2C to emphasize the possible influence of the onset of the longitudinal/transverse
anomaly in (e,e').

All of our measurements, except the w dependence study, will be performed at the
quasielastic peak. At quasielastic kinematics, the reaction mechanism is most likely to
be clean, i.e., the one-nucleon-knockout assumption is supposed to be valid. However, as
has been pointed out earlier, the existing (e,e'p) and (e,e’) data indicate that the simple
quasifree models do not work well even at the quasielastic peak.

From the Q? dependence study, we will put stringent constraints on theoretical mod-
els as possible candidates to explain the puzzling extra transverse strength at high miss-
ing energy for quasielastic (e,e'p), and also for the missing longitudinal strength in both
quasielastic (e,e’) and (e,e'p). The Q? dependence study can help shed lights on the under-
standing if the above phenomena are due to relativistic effects and modification of nucleon
form factors resulting from partial deconfinement, or due to final state interactions, off-shell
effects and correlations.

For 3He(e,e') there does not appear to be a difference in longitudinal and transverse
responses. This difference first appears in *He. Therefore it is important to examine
3He(e,e'p) and *He(e,e'p), as well as 12C(e,e'p) to investigate the systematic behaviour of
(e,e'p) and its relationship to the (e,e') phenomenology. By studying the A dependence
(also the density dependence), we may learn if the effects come from the nuclear medium
modification of nucleon properties or multinucleon processes. For light nuclei (3*He), it
will be easier to compare experimental results with theories since reasonable theoretical
calculations are possible. Therefore it is very useful to make measurements simultaneously
with nuclei of different A.

From the w dependence study, we may learn about the other mechanisms such as
meson exchange currents, isobar currents, and possible other multinucleon current contri-
butions.

To achieve the high precision and good energy resolution needed for Ry and Ry
separations, the Hall A High Resolution Spectrometers will be used with their standard
high quality detector packages. In terms of the capabilities of the Hall A spectrometers
for resolution, particle identification, etc., the experiment is well within the design specifi-
cations. '2C targets with thickness of 0.1 and 0.4 g/cm? and 10 cm long high pressure gas
34He targets with thickness of 0.1 g/cm? will be used for the measurements. The thickness
requirement of our helium targets is about an order of magnitude smaller than the current
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design of the Hall A helium targets.
III. KINEMATICS AND COUNT RATE ESTIMATES

The Q? dependence study will be done on !2C at Q? of 0.2, 0.6, 1 and 1.5 (GeV/c)?
on the quasielastic peak. For the Ry and Rt separations, we will measure cross sections at
two electron scattering angles of 15.5° and 90°, (except for Q? of 1.5 (GeV/c)?, where we
have to go to 19.8° instead of 15.5° because of the beam energy limitation). We will cover
the whole missing energy spectrum by sweeping the proton spectrometer field setting at
each Q? point. Table 1 summarizes the kinematics.

For the A dependence part, additional measurements on ®*He will be performed at
a Q? of 1 (GeV/c)? on the quasielastic peak, again covering the whole missing energy
spectra. Separation of Ry and R will be performed for both targets. The kinematics for
the 3*He measurements is listed on Table 2.

The w dependence study will be performed at 15.5° at a Q2 of 1 (GeV/c)? with
12C target. Cross sections will be measured at two w points below and three above the
quasielastic peak, with the ones above covering the dip and the A region. Again, the whole
missing energy spectrum at each point will be covered. The kinematics for w dependence
study is also shown on Table 1.

For the p and the s shells in 2C, where energy resolution is important, we will have
2 MeV E,, bins. To achieve good energy resolution, we will use thin (0.1 g/cm?) targets.

zsec_1

With a beam current of 100 pA, this corresponds to a luminosity of ~ 1037 cm™
for 3*He and ~ 0.3 x 1037 cm~?sec™! for !2C. At high missing energies (En > 80 MeV),
the cross sections are expected to be much lower. However since there is no narrow shell
structure in this region, good energy resolution is not necessary. We will increase the size
of the missing energy bins to increase statistics. Also to increase statistics, we will use a
thicker 12C target (0.4 g/cm?). For *He and *He, since the cross sections are not as low

at our kinematics, we will not increase the target thickness.

For all of the above measurements, we will have statistics of about 1% for each Ep,
bin at the p shell and the peak of the s shell. For the tails of the s shell and the higher
missing energy continuum, we will collect data at each E,, bin for approximately the same
length of time as for the bin at the peak of the s shell, with expected statistics of about
2% — 5%.

Table 3 gives counting rate estimates derived using the computer code MCEEP[*!l,
The simulation includes effects such as averaging over finite acceptances and non-uniform
weighting for the variation in cross sections. In the calculation, we assumed the following
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Table 1
Kinematics for 12C
Kin. Q? q w E; E; 4. 8,

# | (GeV/c)® | (GeV/e) | (GeV) | (GeV) | (GeV) | (degrees) | (degrees)
1(f) 0.2 0.466 | 0.132 | 1.725 | 1.593 | 15. 466.00
1(b) 0.2 0.466 0.132 | 0.389 0.257 90.0 -33.47
2(f) 0.6 0.848 0.345 | 3.050 2.705 15.5 -58.48
2(b) 0.6 0.848 | 0.345 | 0.747 | 0.402 | 90.0 -28.30
3(f) 1.0 1.145 0.538 | 4.000 3.442 15.5 -53.45
3(b) 1.0 1.145 0.558 1.039 0.481 90.0 -24 .84
4(f) 1.5 1.476 0.824 4.000 3.176 19.8 -46.79
4(b) 1.5 1.476 0.824 1.371 0.547 90.0 -21.75

5 1.0 1.062 0.358 4.000 3.642 15.5 -66.41

6 1.0 1.100 0.458 | 4.000 3.542 15.8 -99.37

7 1.0 1.197 0.658 | 4.000 3.342 15.5 -48.26

8 1.0 1,255 0.758 | 4.000 3.242 153.5 -43.66

9 1.0 1.318 0.858 | 4.000 3.142 15.5 -39.57

Table 2
Kinematics for 3*He

Kin. Q? q w E; E; 6. 6,

# (GeV/c)? | (GeV/c) | (GeV) | (GeV) | (GeV) | (degrees) | (degrees)
3He(f) 1.0 1145 | 0558 | 4.000 | 3.442 | 155 -53.45
3He(b) 1.0 1145 | 0.538 | 1.030 | 0.481 | 90.0 -24.84
‘He(f) 1.0 1.145 0.558 | 4.000 3.442 15.5 -53.45
1He(b) 1.0 1.145 0.558 1.039 0.481 90.0 -24.84
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conditions: a) Each spectrometer has 10% momentum acceptance and 7.8 msr solid angle;
b) Beam current is 100 pA; c) '2C targets thicknesses are 0.1 and 0.4 g/cm?; d) Both
10 cm long gas 3He and *He targets have thickness of 0.1 g/cm?. To include the missing
energy dependence, we used existing (e,e’p) data 1*18:19 to extrapolate to our kinematics.

Single rates for (e,e') and (e,p) were calculated using the computer codes QFS and
EPC[3, Figures 7 and 8 show the typical single (e,e’) and (e,p) cross sections for our
kinematics. From these single rates, accidental rates were calculated assuming 1 ns tim-
ing resolution. These calculations were checked with existing data at some appropriate
kinematics. Signal to noise ratios were estimated and are also listed in table 3. Only at
a few kinematical points at the extreme high missing energy, do the signal to noise ratios
become a concern.

To estimate background contamination, we used the computer code EPC to estimate
the total #~ and 71 contributions in the electron and proton spectrometers, respectively
(also shown in figures 7 to 10). The #* contributions in the proton spectrometer are all
small. The maximum n* to proton ratio is less than 1, which can be easily handiled. The
1~ contributions in the electron spectrometer can be large. The 7~ to electron ratio is
mostly less than 30, except for the highest Q7 at backward angle where it is ~ 100. With
a ™~ rejection rate of 10* (design goal is 10°), this will contribute less than 1%. We also
checked the coincidence background by using the existing (e,e’p) and (e,r~p) data, and
found the ratio of cross sections from (e,#~p) to that from (e,e'p) is again less than 30. It
should present no problem.

IV. SUMMARY

The experiment proposed here will probe, at selected kinematics with !2C and 3He,
4He, the nature of the (e,e'p) and (e,e') reactions including possible multinucleon processes
at high missing energy. CEBAF provides the best facility to study (e,e’N) reactions in nu-
clear physics. The Hall A high resolution, high precision capability enables us to perform
Ri, Rt separations to high momentum transfers and at deep missing energies. These pro-
posed measurements can greatly add to our understanding of nucleon-nucleon interactions
and correlations as well as the possible nuclear medium effects on the nucleons. The beam
time requested for this experiment is 720 hours.
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Figure 7. Single (e,e') and (e,x™ ) cross sections at Q? = 1(GeV/c)? for forward (a) and
backward (b) angles. Solid curves are for (e,e') and dashed curves for (e,x” ).
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Counting Rate

Target | Kin. Q? 8. w (*) o (*) Rate | Time
# | (GeV/c)? | (degrees) | (GeV) | (nb/MeV/st?) | 1/sec. | (hours)

12C 1{f) 0.2 15.5 0.132 94 221 2
12¢ | 1(b) 0.2 90.0 0.132 2.5 1.7 85
12C | 2(f) 0.6 15.5 0.345 13.6 90.4 3
12¢ | 2(b) 0.6 90.0 0.345 0.58 1.8 64
12¢ 3(f) 1.0 . 15.5 0.558 3.6 37.9 6
12¢ | 3(b) 1.0 90.0 0.558 0.19 0.97 109
12C 4(f) 1.5 19.8 0.824 0.79 11.6 13
12¢ | 4(b) 1.5 90.0 0.824 0.063 0.44 207
12¢ 5 1.0 15.5 0.358 0.20 1.3 19
12C 6 1.0 15.5 0.438 1.69 16.9 3
12¢ 7 1.0 15.5 0.658 2.87 32.5 6
12¢ 8 1.0 15.5 0.758 1.22 14.6 6
12¢ 9 1.0 15.3 0.858 0.37 3.2 19
‘He ) 1.0 15.5 0.538 7.3 231 3
‘He | (b) 1.0 9.0 | 0.558 0.39 6.6 68
*He () 1.0 13.5 0.558 9.4 394 3
YHe | (b) 1.0 90.0 0.358 0.83 18.8 30
7 Energy, 6 Spectrorr;;er Angle Changes 74

Total Beam i'ime 720

(*) o and Rate are for S shell only details see tables 4 to 10




Table 4-1(f)

Counting Rate and Signal to Noise Ratio at Kin.1(f)

P, Em Ixt R, R. S/N | Bin Size | Time
(MeV/e) | (MeV) | pA g/em? | sec™! | sec™! (MeV) | (hours)
466 23 10 14 88 6.3 2 0.2
429 39 10 15 155 10 2 0.2
394 52 10 18 35 3.0 2 0.3
363 64 10 22 11 0.5 2 0.5
334 74 10 29 4.5 0.16 4 0.5

Subtotal Time 1.7

Table 4—1(b)

Counting Rate and Signal to Noise Ratio at Kin.1(b)

P, Emn Ixt R, R. S/N | Bin Size | Time
(MeV/e) | (MeV) | uA g/em? | sec™ | sec™? (MeV) | (hours)
466 23 10 0.033 0.35 11 2 20
429 39 10 0.056 | 1.17 21 2 15
394 52 10 0.075 T‘ 0.42 5.6 2 20
363 64 20 037 : 017 | 046 | 4 16
334 74 20 0.43 0.067 | 0.15 8 14

Subtotal Time 83
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Table 4-2(f)

Counting Rate and Signal to Noise Ratio at Kin.2(f)

P, ) O Ixt Ra R. S/N | Bin Size | Time
(MeV/e) | (MeV) | pA g/cm? | sec™! | sec™? (MeV) | (hours)
848 19 10 0.67 76 110 2 0.2
780 63 10 0.74 90 120 2 0.5
718 102 40 0.91 12 13 4 0.6
660 136 40 1.2 8.0 6.7 8 0.4
608 166 40 1.5 5.9 3.4 10 0.3
359 191 40 1.8 2.7 1.5 15 0.2
514 213 40 1.8 2.4 1.3 15 0.2
473 232 40 1.8 1.6 0.89 20 0.2

Subtotal Time 2.6
Table 4—2(b)
Counting Rate and Signal to Noise Ratio at Kin.2(b)

P, Enm Ixt R, R, | S/N | Bin Size | Time
(MeV/c) | (MeV) | pA g/em? | sec™ | sec™! (MeV) (hoﬁrs)
848 19 10 0.0020 | 0.33 268 2 20
780 63 10 0.0025 1.8 730 2 20
718 102 40 0.049 | 0.96 20 4 7
660 | 136 40 0060 | 064 | 11 8 5
608 166 40 0.067 ( 0.44 6.6 10 4
559 191 40 0.068 0.20 2.9 15 3
514 213 40 0.072 0.18 2.5 15 3
473 232 40 0.089 0.12 1.3 20 2

Subtotal Time 64
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Table 4-3(f)

Counting Rate and Signal to Noise Ratio at Kin.3(f)

P, Em Ixt R, R. S/N | Bin Size | Time
(MeV/c) | (MeV) | uA g/em? | sec™! | sec™ (MeV) | (hours)
1145 16 10 0.16 63 423 2 1.0
1053 36 10 0.17 11 66 4 1.1
969 147 10 0.19 3.1 10 8 1.0
892 202 40 0.22 1.5 7.0 10 0.9
820 250 40 0.24 0.76 3.1 15 1.0
755 292 40 0.28 0.38 1.4 20 1.1

Subtotal Time 6.1
Table 4-3(b)
Counting Rate and Signal to Noise Ratio at Kin.3(b)

P, Em Ixt Ra R. S/N | Bin Size | Time
(MeV/c) | (MeV) | pA g/em? | sec™! sec™! (MeV) | (hours)
1145 16 10 0.00043 1.0 2300 2 56
1053 36 40 0.0080 1.2 150 4 11
969 147 40 0.0084 0.32 37 8 12
892 202 40 0.0096 0.16 17 10 10
820 250 40 0.011 0.08 7 15 10
753 292 40 0.013 0.04 3 20 10

Subtotal Time 109




Table 4—4(f)

Counting Rate and Signal to Noise Ratio at Kin.4(f)
P, Em Ixt Re R. S/N | Bin Size | Time
(MeV/e) | (MeV) | pA g/em? | sec™! | sec~! (MeV) | (hours)
1476 13 10 0.021 19.3 940 2 3.5
1358 112 10 0.022 4.6 210 4 4.0
1249 200 10 0.025 | 0.58 24 10 3.8
1149 279 10 0.027 0.35 13 20 1.6
Subtotal Time 12.9
Table 4—4(b)
Counting Rate and Signal to Noise Ratio at Kin.4(b)
P, Em Ixt Ra R. | S/N | Bin Size | Time
(MeV/c) | (MeV) | pA g/em? | sec™? sec™! (MeV) | (hours)
1476 13 10 0.00014 | 0.42 3000 2 140
1358 112 40 0.0026 0.65 250 4 28
1249 200 40 0.0027 | 0.082 30 10 27
1149 279 40 0.0029 | 0.049 17 20 12
Subtotal Time 209




Table 4—*He(f)
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Counting Rate and Signal to Noise Ratio at Kin.*He(f)

P, En Ixt Re R. S/N Bin Size | Time
(MeV/c) | (MeV) | pA g/em? | sec™! | sec™! (MeV) | (hours)
1145 16 10 0.012 116 10000 2 0.8
1053 86 10 0.017 | 104.1 6000 3 0.4
969 147 10 0.019 11.6 610 3 0.3
892 202 10 0.020 2.3 110 10 0.6
820 250 10 0.023 1.2 45 15 0.9

Subtotal Time 3.0
Table 4—*He(b)
Counting Rate and Signal to Noise Ratio at Kin.*He(b)

P, En Ixt R. R. S/N Bin Size | Time
(MeV/c) | (MeV) | pA g/cm? sec™! sec™! (MeV) | (hours)
1145 16 10 0.000030 3.3 110000 2 27
1053 86 10 0.000058 3.0 51000 3 15
969 147 10 0.000063 0.33 5200 5 8
892 202 10 0.000071 0.066 930 10 10
820 250 10 0.000080 | 0.033 410 15 8

Subtotal Time 68




Table 4—*He(f)

Counting Rate and Signal to Noise Ratio at Kin.*He(f)

P, Em Ixt Re R. S/N | Bin Size | Time
(MeV/c) | (MeV) | pA g/em? | sec™! | sec™! (MeV) | (hours)
1143 16 10 0.0091 237 26000 2 0.4
1053 86 10 0.013 146 11000 3 0.4
969 147 10 0.014 11.8 820 5 0.9
892 202 10 0.015 3.9 270 10 0.5
820 250 10 0.023 2.0 130 15 0.4

Subtotal Time 2.6
Table 4—°He(b)
Counting Rate and Signal to Noise Ratio at Kin.*He(b)

P, En Ixt R, R, S/N Bin Size | Time
(MeV/c) | (MeV) | pA g/cm? sec™1 sec™! (MeV) | (hours)
1145 16 10 0.000026 11.3 440000 2 8
1053 86 10 0.000051 | 6.9 | 130000 | 3 7
969 147 10 0.0000356 0.56 10000 5 )
892 202 10 (0.000062 0.19 3000 10 6
820 250 10 0.000073 | 0.094 1300 15 4

Subtotal Time 30
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